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Introduction
Schistosomiasis (also known as Bilharzia) is a debilitating disease 

caused by species of parasitic worms or helminths of the genus 
Schistosoma, which are also known as blood flukes. It is the second 
most prevalent tropical disease in Africa after malaria. Bilharzia is of 
great public health and social economic importance in the developing 
world. World Health Organization (WHO) reports estimate that 
500-600 million people in 74 tropical and sub-tropical countries are
at risk of schistosomiasis. Over 200 million people in these countries
are infected, 85% of whom live in sub-Saharan Africa where S.
haematobium, S. intercalatum and S. mansoni are endemic [1].

In Kenya, the two species of bilharziasis are Schistosoma mansoni 
and S. haematobium whose intermediate hosts are fresh water snails, 
Biomphalaria pffeiferi and Bulinus trancatus respectively [2].

At least four approaches to controlling infection have been tried 
at the community level. These are control of snails, public health 
education, sanitation, and community-based chemotherapy employing 
Niclosamide [3]. Selective molluscicide treatment in snail-infested 
bodies of water at main human contact points is the preferred way to 
approach controlling snail populations [3].

At least four approaches to controlling infection have been tried 
at the community level. These are control of snails, public health 
education, sanitation, and community-based chemotherapy employing 
praziquantel [3]. Selective molluscicidal treatment in snail-infested 
bodies of water at main human contact points is the preferred way 
to approach controlling snail populations3. Three drugs have been 
used for schistosomiasis treatment. These are Praziquantel (effective 
in the treatment of all forms of schistosomiasis, with hardly any side 
effects), Oxamniquine (used to treat intestinal schistosomiasis), and 

Metrifonate (effective for the treatment of urinary schistosomiasis 
[4]. Praziquantel has been found to be more effective in treating S. 
haematobium infections compared to metrifonate and more effective 
in treating S. mansoni when compared with oxamniquine because it 
is effective when treating advanced hepatosplenic schistosomiasis, 
with few side effects. Praziquantel is currently the drug of choice for 
treatment of any kind of schistosomiasis. The main limitation is the cost 
which restricts its use in many developing countries. Unfortunately, 
the long-term worldwide application of Praziquantel coupled with the 
recent discovery of Praziquantel-tolerant schistosomes has generated 
concern over the development of drugs-resistant Schistosoma strains 
[5,6]. A large number of plant products, which possess molluscicidal 
activity, have been identified and used for treatment of schistosomes 
[7-12]. 

Traditional medicine, being a significant element in the cultural 
patrimony, still remains the main resource for a large majority of 
people in Kenya, for treating various diseases and ailments. It is 
against this background that this study was designed to evaluate the 
molluscicidal activities of crude aqueous extracts of Aloe secundiflora, 
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Schistosomiasis (also known as Bilharzia) is a disease caused by species of parasitic worms or helminths of 
the genus Schistosoma. It continues to be a serious worldwide public health problem. The pathological changes in 
schistosome infestations are caused mainly by the deposition of the eggs into various tissues and organs where 
granulomas or pseudo tubercles are formed around them. Schistosomes and their intermediate snail hosts are 
integral parts of the freshwater aquatic environments in which they are found. Biomphalaria and Bulinus are the two 
primary genera of snails capable of harbouring infections with Schistosoma mansoni and S. haematobium. Some 
of the methods of controlling of schistosomiasis include: control of snails, public health education, sanitation, and 
community-based chemotherapy employing praziquantel. No single method, regardless of location, has been shown 
to work because of the large number of environmental variables involved in the parasitic transmission. Some of the 
control programmes have been those that include some method of curbing transmission, including mollusciciding. 
The objective of this study was to bioscreen aqueous extracts of five medicinal plants identified using ethnobotanical 
information gathered from traditional healers for molluscicidal activity. Molluscicidal activity was assessed by 
determining the ability of various concentrations of the aqueous plant extracts to kill adult Biomphalaria pfeifferi, the 
intermediate host of Schistosoma mansoni. Of the five plant extracts, only the aqueous extracts of Aloe secundiflora, 
Aspilia pluriseta, Balanites aegyptiaca, Azadirachta indica and Amaranthus hybridus showed molluscicidal activity. 
This study has established that five plants, that is, Aloe secundiflora, Aspilia pluriseta, Balanites aegyptiaca, 
Azadirachta indica and Amaranthus hybridus have molluscicidal activity and recommends that toxicity studies be 
conducted to establish their safety in bilharzia control.
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Balanites aegyptiaca, Aspilia pluriseta, Amaranthus hybridus, Psidium 
guajava and Azadirachta indica on Biomphalaria pfeifferi.

Materials and Method
Collection and preparation of medicinal plant material

The plant materials used in this study were collected from their 
natural habitats on the basis of ethnobotanical information. They 
were collected with bio-conservation aspects in mind from Kisau 
location, Makueni County. An acknowledged authority in taxonomy 
from the National Museums of Kenya (NMK) authenticated the 
botanical identity of the plants and a voucher specimen was deposited 
at the National Museums of Kenya Herbarium, Nairobi. A traditional 
medical practitioner provided the information on which plant to 
collect, what part to collect, the precise locality where it grows, when 
curative potency is maximal and the mode of preparation.

The plant parts collected were: leaves of Aloe secundiflora, roots 
of Balanites aegyptiaca, leaves of Aspilia pluriseta and Amaranthus 
hybridus, and roots and leaves of Psidium guajava and Azadirachta 
indica. The stems and roots were harvested and their barks peeled 
off while still fresh and cut into small pieces and then dried at room 
temperature for different periods of time depending on the succulence 
of the plant materials. Leaves were collected while green and dried in 
the same way. The root barks, stem barks and the leaves were separately 
ground into powder using an electric mill at The Technical University 
of Kenya. The powdered plant materials were kept at room temperature 
away from direct sunlight in closed dry plastic bags ready for extraction 
and use in bioassay.

Extraction procedure

Aqueous plant extraction was carried according to the method 
described by [13]. 100 g the powdered plant material were boiled in one 
litre of distilled water for 2 h. After boiling, the solution was allowed 
to cool at room temperature. The extract was then decanted into a 
1 litre clean dry conical flask and filtered through a No. 1 Whatman 
filter paper under vacuum pump into a 500 mL clean dry conical flask. 
Decantation and filtration processes were repeated until the sample 
became clear. The filtrate was freeze-dried, weighed and stored in an 
airtight container at room temperature until it was used for bioassay.

Preparation of extracts for molluscicidal bioassay

The plant extracts for testing molluscicidal activity were prepared 
following the procedure described by [14]. A stock solution of 80 ppm 
was prepared for each of the plant preparations. This was achieved by 
weighing separately, 80 mg of the freeze-dried plant materials, which 
was placed in 1000 mL of chlorine free water and boiled for 5 minutes. 
This gave 80 mg/L that is 80 ppm. Half of the prepared plant extract (0.5 
L) was frozen and stored at -20ºC and the remaining stock was diluted 
to obtain concentrations of 40 and 10 mg/L for each preparation

Laboratory animals

Biomphalaria pfeifferi snails were collected from Mwea Irrigation 
Scheme in Mbeere South subcounty, Embu county of Kenya. They were 
screened for schistosomes under strong light (100 watts) for 2 h for six 
consecutive weeks to exclude infections from the wild. Negative snails 
were housed in temperature controlled (25-27ºC) and light-controlled 
(12 h light/12 h dark) snail room at the Institute of Primate Research 
(IPR), Nairobi, Kenya. They were placed in water tanks containing non-
chlorinated tap water and the water was changed twice a week. Soft lettuce 
(dipped in hot water and cooled) was added to feed the snails. 

Evaluation of molluscicidal activity

This was undertaken following the method of [15,16]. Biomphalaria 
pfeifferi snails were divided into five groups of fifty snails each. Group 
I (negative control) was exposed to 200 ml of chlorine-free water for 
24 h. Group II (positive control) was exposed to 4 mg of Niclosamide 
(reference molluscicide) in a volume of 200 ml of chlorine-free water 
for 24 h. Groups III, IV and V were exposed to the crude aqueous 
extracts of the six medicinal plants each at concentrations of 80, 40 and 
10 ppm respectively in a total volume of 200 mL chlorine-free water for 
24 hours. After 24 h of exposure, the snails were washed, placed in fresh 
non - chlorinated water, provided with lettuce to feed on, and allowed 
a recovery period of 24 hours after which mortality was accessed by 
probing the snails with a wooden spatula to elicit typical withdrawal 
movements. Death was ascertained by observing the snails under a 
dissecting microscope for any heart activity. The number of dead snails 
was recorded. 

Data analysis

The experimental data was analyzed using unpaired Student t-test. 
This test determined whether there were any significant differences 
between the data obtained from animal groups treated with crude 
aqueous plant extracts and controls animal groups. A value p<0.05 was 
considered significant. Instat statistical computer package was used.

Results
Molluscicidal effect of the crude aqueous plant extracts

The efficacy of the six plant extracts against B. pffeiferi was 
evaluated by counting the number of dead snails in the treated and 
untreated water. The Niclosamide treated (positive control) group had 
the highest number of deaths (48.67 ± 0.7) while dechlorinated water 
had the lowest (2.3 ± 1.9). All crude aqueous extracts had significantly 
higher snail deaths than dechlorinated water at all concentrations 
(P<0.05; Table 1). At 80 ppm, A. hybridus caused a similar degree of 
snail mortality to Niclosamide (P>0.05; Table 1). The other aqueous 
extracts had snail mortality significantly lower than Niclosamide 
(P<0.05) but higher than dechlorinated water (Table 1). Mortality 
increased with increasing concentration of the extract for all the plant 
extracts. Snails exposed to A. hybridus and Niclosamide were weak 
and could not retract into their shells. Excess mucus secretion was 

Plant extracts

Treatment groups and dosage (N=50)
10 

ppm 40 ppm 80 
ppm

Niclosamide
(4 mg/200 ml)

Chlorine 
free water

Aloe secundiflora 9.0 ± 
2.6*a

11.6 ± 
2.3*a

20.0 ± 
2.3*a 48.67 ± 0.7 2.3 ± 1.9

Aspilia pluriseta 7.6 ± 
1.4*a

12.6 ± 
2.7*

24.7 ± 
1.2*a - -

Psidium guajava 8.7 ± 
2.7*a

9.3 ± 
1.8*a

9.6 ± 
2.6*a - -

Balanites aegyptiaca 11.3 ± 
3.0*a

14.0 ± 
3.5*a

17.6 ± 
2.6 *a - -

Azadirachta indica 13.3 ± 
4.4*a

19.0 ± 
2.6*a

28.7 ± 
3.2*a - -

Amaranthus hybridus 15.3 ± 
0.7*a

38.3 ± 
3.2*a

44.0 ± 
2.3a - -

All values are expressed as Mean ± SEM. *P<0.05 for extract treated group versus 
Niclosamide-treated group by unpaired Student’s t-test; aP<0.05 for extract-treated 
group versus chlorine-free water treated group by unpaired Student’s t-test. 

Table 1: Molluscicidal effects of crude aqueous extracts of Aloe secundiflora, 
Aspilia pluriseta, Psidium guajava, Balanites aegyptiaca, Azadirachta indica and 
Amaranthus hybridus on Biomphalaria pfeifferi snails.
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observed and the snails hardly fed. They attempted to crawl out of the 
test solution. 

Discussion
The search for bioactive plants components which can be used 

as non-conventional molluscicides and anti-helminthes has received 
considerable attention in recent times because of the increasing, 
worldwide development of resistance to chemical molluscicides in 
molluscs populations respectively. However, scientific evidence to 
validate the use of plants remains limited [17].

As intermediate hosts, molluscs play a major role in the transmission 
of schistosomes; they are the sites of an intense multiplication of 
parasites. Thus, snail control strategies are considered a priority for the 
reduction of schistosomiasis transmission. A standardized procedure 
devised for the laboratory screening of synthetic chemical molluscicides 
[15] is used to evaluate plant molluscicides. It recommends that 
candidate compounds pass through three stages, preliminary screening, 
definitive screening and comprehensive evaluation. For preliminary 
screening, five snails are exposed to concentrations of 80, 40 and 10 
mg/l of each crude plant extracts [14,15]. In the preliminary screening 
the aim is to separate materials into those without any molluscicidal 
activity and those with some, however weak [16].

In this study, preliminary screening of A. secundiflora, A. pluriseta, 
P. guajava, B. aegyptiaca, A. indica and A. hybridus for molluscicidal 
potency was carried out. The aqueous extracts of A. secundiflora, 
A. pluriseta, P. guajava, B. aegyptiaca and A. indica exhibited snail 
mortality above the naïve control. However, this is considered 
statistically significant compared to the standard molluscicides. The 
highest molluscicidal effect was exhibited by A. hybridus and this 
is considered statistically insignificant compared to the standard 
molluscicide. The mortality increased with increasing concentration of 
the plant extracts.

Plant materials may release active ingredients slowly so that the 
effect on snail population is delayed, that is, the plant may act as a 
slow release matrix. In this mode, there may also be effects on feeding 
and oviposition. Other plant substances affect orientation and feeding 
behaviour [18]. A bioassay of whole plants or parts in which snails 
are killed within 24 hours at a dosage below 100 mg/L indicates that 
the molluscicide is released quickly and the material may be a good 
candidate for LC50 determination [16]. This is in agreement with 
findings of this study in which death of snails was observed within 24 
hours exposure to concentrations below 100 mg/L of A. hybridus.

Snails exposed to A. hybridus exhibited behaviours that suggested 
they had been adversely affected by these plants. The snails were weak 
and could neither eat nor retract into their shells. They exhibited 
excessive mucus secretion and cessation of feeding. The snails were 
apparently irritated as observed by their desire to crawl out of the test 
solution in order to avoid contact with the treated water. Increased 
mucus production followed by increased mucus secretion as observed 
in this study is one of the first reactions of gastropods to many 
stressors, including mechanical stimuli or chemical irritation caused 
by molluscicidal chemical [18-20]. One effect of the extruded mucus is 
to form a protective barrier preventing direct contact between the toxin 
and the epithelia of the skin or digestive tract, so reducing the toxicity 
of the chemicals [20,21]. 

The responses of B. pfeifferi upon exposure to the crude aqueous 
extract A. hybridus suggest that it is possible that this plant may contain 
molecules with similar effect to Nmethyl-carbamates. Snails poisoned 

by carbamates become immobilized as the muscle tonus is lost [19,22] 
claimed that this compound interferes with the neural control of 
feeding. Carbamate molluscicides are known to act as nerve toxins 
by inhibition of cholinesterase [23,24]. Cytotoxic effects induced by 
carbamates have been recorded [22,25,26].

In conclusion, the findings of this study indicate that Psidium 
guajava is not effective against Biomphalaria pfeifferi. Exposure of B. 
pfeifferi to the various concentrations of Psidium guajava extract did 
not cause meaningful toxicity to the snails compared to the untreated 
water. From the observations, it is concluded that Aloe secundiflora, 
Aspilia pluriseta, Balanites aegyptiaca, Azadirachta indica and 
Amaranthus hybridus were found to have molluscicidal effect against 
B. pfeifferi. Crude extracts of these plants caused death of the snails 
at the varying concentrations. The best results in terms of toxicity to 
the vector snail were exhibited by Amaranthus hybridus followed by 
Azadirachta indica. Extracts of these two plants could be more preferred 
for development of a molluscicide as they resulted in high number of 
dead snails. Crude organic extracts should present LC90 below 20 ppm 
to be considered a good molluscicide candidate for direct application in 
infested water [2]. However, it is possible that extracts active between 20 
and 100 ppm could contain small amounts of very active components, 
which could be isolated and/or concentrated using simple procedures, 
or even obtained from other plants known to produce it in larger 
amounts. Therefore, the above active extracts deserve further studies 
in order to identify and characterize their molluscicidal components.
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